Background
Morphine is a full opioid mu-receptor agonist and a potent analgesic agent used in both human and veterinary medicine. Mu-receptor agonists have been reported to reduce propulsive gut motility (Boscan et al. 2006) . Consequently, morphine administration in horses has historically been associated with a risk of colic. With all drug administration, it is important to balance possible adverse effects against clinical benefits. Morphine is most commonly administered perioperatively, both for its analgesic effects (Mircica et al. 2003) and, potentially, providing an improved recovery from anaesthesia (Clark et al. 2005; Love et al. 2006) . Considering the effect of morphine on equine gastrointestinal motility and the potential clinical benefits of perioperative administration, it is important to critically evaluate the literature pertaining to the use of morphine in this common clinical scenario.
Research strategy
Does the use of perioperative morphine increase the risk of post-operative colic (POC)?
Search strategy
Medline and Scopus were used to search for primary evidence using the following terms:
• Horse AND perianaesthetic AND complications • Horse AND morphine AND colic
Quality of the evidence
Searches yielded seven relevant studies. The first study to evaluate complications associated with perioperative morphine in horses was a retrospective case analysis (Mircica et al. 2003) . Results indicated that the use of perioperative morphine (0.1-0.17 mg/kg bwt) was not associated with an increased incidence of POC. Only a small number of horses showed signs of gastrointestinal discomfort, therefore the power of this study would have been very low. In contrast, a retrospective cohort study evaluating the risk factors and prevalence of colic after orthopaedic surgery identified morphine as a risk factor (Senior et al. 2004) . A 4-fold increase in the risk of colic with the use of morphine compared with the use of butorphanol or no opioid was reported. The dose of morphine varied (0.08-0.3 mg/kg bwt); however, 13 of the 14 cases that developed POC received the lower end of that range (0.1 mg/kg bwt). It is possible that inadequate analgesia contributed to gastrointestinal dysfunction in some of the horses that developed POC. In addition, the prevalence of colic in this study (2.8%) was lower than expected, which limited the power of the analysis.
A further retrospective observational study published by Andersen et al. (2006) evaluated the risk factors for colic in horses after general anaesthesia for magnetic resonance imaging (MRI) or nonabdominal surgery. A link between morphine administration and an increased prevalence of POC was identified; however, after stratification by procedure, this association was no longer present, indicating that the nature of the surgery was a greater risk factor. The study failed to identify an association between perianaesthetic morphine administration and an increased risk of POC. Again, the incidence of colic in this study was relatively low (3.6%) and it is possible that a smaller-sized statistically significant association was overlooked. Morphine use in this study was administered as a single perianaesthetic treatment; therefore, results may not be applicable to clinical scenarios in which sequential doses are administered.
The conflicting results from these initial studies highlighted the need for a larger, prospective study to be performed. In 2006, Senior et al. published a prospective multicentre study that included 861 horses from four UK equine hospitals. The administration of opioid analgesics tended to increase the risk of POC when compared with surgeries where no opioids were used (P=0.1). However, no significant difference between the use of butorphanol and morphine in the occurrence of POC was identified. As reported by Andersen et al. (2006) , procedure type was found to play a fundamental role, with nonseptic orthopaedic surgery determined as the biggest risk factor. The use of opioids was found to have a confounding effect on the surgery type and its association with colic. Several other potential risk factors, for example use of horse and perioperative feed management, were omitted from the multivariable analysis due to missing data. Furthermore, the use of different opioids, different routes of administration and doses varied between centres. Interestingly, there was no difference in the prevalence of POC in centres using only morphine when compared with those using butorphanol exclusively. Love et al. (2006) evaluated 38 Thoroughbreds undergoing upper airway surgery in a prospective randomised study and suggested a beneficial effect of morphine. No horses that received morphine developed POC; however, three horses in the control group displayed clinical signs suggestive of colic. In two of these horses, assessment did not detect any gastrointestinal system abnormalities; therefore, it was suggested that the signs detected may have been attributed to surgical pain rather than colic. The study was not specifically designed to detect an association between morphine administration and colic; therefore, the power for this outcome was limited.
More recently, Nelson et al. (2013) evaluated risk factors associated with gastrointestinal dysfunction in horses undergoing elective procedures under general anaesthesia. This was a retrospective case series with 416 horses. Risk factors examined included antimicrobial, analgesic, anaesthetic and post-anaesthetic drugs. No association was detected; however, it was unclear which opioid or opioids were used and it is probable that many of these horses received butorphanol. The prevalence of colic was higher in this study compared with previous reports (2.8-6%) (Mircica et al. 2003; Andersen et al. 2006; Senior et al. 2006) . A possible explanation is the definition for gastrointestinal dysfunction used, which included horses requiring treatment for decreased faecal output. This is arguably an expected outcome of withholding food and potentially resulted in an overestimation in the prevalence of gastrointestinal dysfunction.
The most recent analysis of risk factors for POC (Jago et al. 2015) included the use of butorphanol but not morphine. Incidence of POC was higher than in previous reports (10.55%), and although this study did not provide any direct evidence regarding perioperative morphine administration, further risk factors were identified, highlighting the multifactorial aetiology of POC.
Application to clinical practice
Definitive evidence regarding an association between morphine administration and POC is lacking. However, as with the administration of all medications, the benefits of treatment should be considered in relation to any potential adverse effects.
Conclusion
The current literature is comprised predominantly of retrospective studies, most of which lack sufficient statistical power. Consequently, there is an absence of strong evidence to suggest that perianaesthetic morphine administration increases the risk of colic. It does, however, highlight the complex and multifactorial aetiology of POC and the requirement for further prospective critical evaluation.
